Background and Purpose-Plasma matrix metalloproteinase-9 levels predict posttissue plasminogen activator (tPA)
P lasma levels of matrix metalloproteinase (MMP)-9 are amplified by tissue plasminogen activator (tPA), 1 correlate with neurological severity, 2 and predict the risk of tPA-related hemorrhage. 3 Minocycline (MC) is a potent MMP inhibitor. 4 We recently completed a trial of intravenous MC in acute ischemic stroke (Minocycline to Improve Neurological Outcome in Stroke [MINOS] ) to determine safety and tolerability. 5 The purpose of this analysis was to determine the impact of intravenous MC on MMP-9 in acute ischemic stroke.
Methods

Subjects
MINOS was a nonrandomized, dose-escalation trial of intravenous MC for acute ischemic stroke administered within 6 hours of symptom onset. 5 Sixty subjects were enrolled into 4 dose tiers (3.0, 4.5, 6.0, 10.0 mg/kg). MC was infused over 1 hour every 12 hours for 3 days. Blood samples for MMP-9 analysis were collected before MC treatment (baseline), 1 hour after the first infusion of MC was started, 24 and 72 hours after symptom onset, and between 4 and 7 days. If subjects received intravenous tPA, the baseline sample was drawn after tPA administration. For a comparator group, we used samples from 44 patients in a previously conducted study of blood biomarkers in acute ischemic stroke. Blood samples were collected 24 hours after symptom onset.
Laboratory Methods
MMP-9 activity was measured using a standardized zymography assay by the biomarker laboratory blinded to the clinical data. Results were expressed as percent of the recombinant standards run on each gel.
Statistical Analysis
Statistical analysis was performed using SAS 9.2 and statistical significance was assessed using an ␣ level of 0.05. MMP-9 levels were not normally distributed; data transformation was by natural log for mixed-model analysis. Post hoc pairwise comparisons within tPA groups were performed between baseline and 1, 24, and 72 hours. A Bonferroni adjustment of 0.05/6ϭ0.0083 was used to determine post hoc differences between groups. To examine differences between the MINOS and non-MINOS groups and tPA status at 24 hours, 2-factor analysis of variance was used. Bonferroni adjustments of 0.05/ 4ϭ0.0125 were used to determine post hoc differences between groups.
Results
Demographic and clinical data in MINOS and non-MINOS comparison subjects is displayed in the Table. No symptomatic intracerebral hemorrhage occurred in either cohort using Safe Implementation of Thrombolysis in Stroke-Monitoring Study (SITS-MOST) criteria 6 and National Institutes of Health Stroke Scale score at discharge or 7 days was lower in MINOS.
In MINOS, the MMP-9 level was significantly reduced at 72 hours compared with baseline for both tPA (Pϭ0.0022) and non-tPA (Pϭ0.0067) -treated subjects ( Figure 1 ) controlling for race and diabetes. In addition, in the tPA group, there was a trend toward reduced MMP-9 level as early as 1 (Pϭ0.0271) and 24 hours (Pϭ0.0376) compared with baseline. At 4 to 7 days, MMP-9 levels appeared to increase but had not yet returned to baseline. Compared with our non-MINOS cohort, MMP-9 level was lower at 24 hours in both tPA (PϽ0.0001) and non-tPAtreated (Pϭ0.0016) subjects (Figure 2 ) controlling for race and diabetes.
Discussion
MMPs are important mediators of blood-brain barrier disruption, edema, and hemorrhage in acute ischemic stroke. 7 After cerebral ischemia, there is increased expression of MMP-9 within the ischemic zone, 8 and MMP-9 levels are further amplified by tPA. 1, 9 In addition, elevations in plasma MMP-9 correlate with stroke severity and are predictive of tPA-related intracerebral hemorrhage. 3 In this study, we observed lower levels of MMP-9 in MC-treated subjects at 24 hours, and levels of MMP-9 decreased in MINOS from baseline to 72 hours. Interestingly, in intravenous tPA-treated subjects, we saw a trend toward reduced MMP-9 as soon as 1 hour after initiating MC infusion.
There are several limitations of our study. First, this was not a randomized controlled trial. Although subjects in the 2 groups were similar in terms of age, sex, stroke severity, and subtype, there were imbalances in diabetes and race and bias from an unrecognized confounder cannot be excluded. Second, the small sample size of our study limited our power to make numerous comparisons between time points and precludes more definitive conclusions about the impact of MC on biomarker levels. Last, the significance of lower levels of MMP-9 on risk of hemorrhagic conversion and clinical outcome is unclear.
In summary, plasma MMP-9 decreased in the hours to days after intravenous MC treatment and levels of MMP-9 were lower at 24 hours in subjects in our MINOS study when compared with a separate cohort who had not received MC. These results require confirmation in an ancillary study of a randomized clinical trial and support further investigation of the strategy of combining MC with thrombolytic therapy to reduce post-tPA hemorrhage and ameliorate outcome. 
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